Abstract
Introduction
The family Malassezia involves a gathering of superficial dimorphic fungi occurring as normal skin biota on the human body; however, they can also cause infection or are related to certain skin ailments. Rarely, they can become invasive, to cause opportunistic systemic infection in the presence of certain predisposing factors [1] . However, the complexity of the interaction of a unicellular eukaryotic creature (Malassezia) with a tissue of a multicellular living being (skin) makes understanding the communications and advancement of infection a complex process [2] .
Malassezia yeasts inhabit various body sites including scalp, forehead, shoulder, abdomen, lower axilla, groin and forearm, due to an increased thickness of sebaceous organs at these locales [3] . It https://www.id-press.eu/mjms/index has been reported that Malassezia yeasts are related to dermatoses such as pityriasis versicolor, seborrheic dermatitis and Malassezia folliculitis, recently, reported is the implication of Malassezia yeasts in atopic dermatitis and psoriasis [4] . Pityriasis versicolor (PV) is a superficial fungal infection, characterized by changes in skin pigment due to colonization of the stratum corneum by a dimorphic lipophilic fungus of the normal flora of the skin, and its characteristic by multiple macules and/or patches of variable appearance (hypopigmented, hyperpigmented, dark brown or erythematous) surrounded by normal skin [5] . Pityriasis versicolor is a worldwide in distribution, particularly in tropical areas. Infection by pityriasis versicolor has varied according to age and gender. It usually infects adults due to increased sebum secretion after puberty.
The main objective of this research is isolation and molecular characterisation of Malassezia spp. from pityriasis versicolor (PV) patients with special emphasis to risk factors in Diyala province, Iraq
Material and Methods

Study Area and Study Population
This study was performed in Baqubah cityDiyala province 33°45'34.71" N; 44°36'23.97" E, Northeast. The study included 50 pityriasis versicolor patients, age ranged (15-45) years; (32 males and 18 females) attended to the dermatology outpatient's clinic, Baqubah teaching hospital from 14 of October 2017 to 13 of January 2018.
Collection of Samples
Samples used were hair and skin scrapings. Forceps and surgical blades were used for collecting hair and skin samples. The scales were collected in sterile empty Petri dishes. [6] .
Wet mount KOH
Scales specimens were subjected to direct examination by placing on a clean slide mounted with a drop of 10% KOH, covered with a coverslip. The slide was warmed gently and examined under a microscope (40X). Characteristic spaghetti and meatballs appearance (shortly curved hyphae and round yeasts) confirmed the diagnosis of PV [7] .
Culture
Scales were inoculated onto Sabouraud's dextrose agar (SDA), containing 0.05 gm/L chloramphenicol, Penicillin at a concentration of 0.4 ml/L and Streptomycin at a concentration of 2 ml/L with olive oil and without olive oil. The vials were incubated at 37°C for 1-2 weeks. All the slants examined on days 3, 7 and then at weekly intervals up to three weeks for any developing colonies [8] .
Staining
For examination, 5 ml of sterile distilled water was mixed with a loopful of actively growing yeast, and the concentration was adjusted to about 10 5 cell/ml Smears from the colonies were stained with Gram's stain and examined under a microscope for identification of Malassezia [9] . Lactophenol cotton blue stain used for microscopic observation of yeast cells, the suspension of yeast cells were prepared, loopful of culture were stained with lactophenol cotton blue on a sterile glass slide.
Catalase
Catalase test was applied by using a drop of 3% hydrogen peroxide, and the production of gas bubbles was considered a positive reaction [10] .
Tween assimilation tests
According to the method reported by [11] , yeast cells of (2 x 10 to 3 x 10 CFU/ml) was suspended in 1ml sterile distilled water and poured into plate containing SDA with 0.05 gm/L chloramphenicol, Penicillin at concentration of 0.4 ml/L and Streptomycin at concentration of 2 ml/L cooled at about 50ºC. The inoculum was then spread evenly. After solidification, four holes were made using a 2 mm diameter punch and filled with 5 μl of Tween 20, 40, 60 and 80, respectively. The plates were incubated for 1 week at 32ºC. The utilisation of Tween was assessed by the degree of growth and/or reaction (precipitation ) of the lipophilic yeasts around the wells [11] .
Assimilation of Castor oil
Assimilation of castor oil was examined using the agar diffusion test. Ten ml sterile Brain Heart Agar (BHI), was melted and allowed to cool to about 50ºC. Yeast cells of (2 x 10 to 3 x 10 CFU/ml) were suspended in 1ml sterilised distilled water and poured into a plate containing the medium was then spread evenly. Once the medium had solidified, one hole was made using a sterile 6mm punch and filled with 50μl of castor oil. The plates were incubated at 32ºC for 10 days and assessed for growth around the individual wells after 2, 4, 6, 8 and 10 days [6] .
Splitting of Esculin
Glucosidase activity was assayed by using the esculin agar tube. Using a loop, the yeast inoculum was deeply inoculated into the agar and incubated at 32ºC for 5 days. The splitting of esculin into esculetin and glucose is revealed by the darkening of the medium with the liberation of soluble ferric salt incorporated in the medium [10] .
Tryptophan test (Pigment Induction medium)
Yeast cells were cultured on m Dixons medium which was prepared earlier addition of 0.6% of tryptophan instead of peptone to the original medium. After sterilisation and cooling at room temperature, the suspension was smeared on the agar medium using a sterile swab. The plates were incubated at 32ºC for 2 to 4 weeks [12] .
Preservation of the Malassezia isolates
Malassezia spp. isolates were grown in the universal bottle containing 5ml of SDA used as slants, and they were enveloped with parafilm and stocked at 4ºC for 3 months [13] .
DNA Extraction
DNA was extracted from Malassezia spp. By using the QIAamp DNA Mini Kit (Qiagen, Germany) according to the protocol stated by the kit manufacturer [14] .
Concentration and purity of DNA
DNA was extracted from a hundred isolated of Malassezia spp. And they were concentrated in one tube. The concentration and the purity of the DNA samples were determined by Quantus Fluorometer at (9.9 ng/µl and 57 ng/µl) was used to detect the concentration of extracted DNA to detect the goodness of samples for downstream applications. For 1 µl of DNA, 199 µl of diluted QuantyFlour Dye was mixed. After 5min incubation at room temperature, DNA concentration values were detected, according to the protocol stated by the kit manufacturer (Promega, U.S.A).
Primers selection and preparation
Universal primers ITS3 (GCATCGATGAAGAACGCAGC) and ITS4 (TCC TCC GCT TATTGA TAT GC). The 5.8S rDNA and the it's 2 region, amplified from type, neotype, reference and clinical isolates of Malassezia species by using the ITS 3 and 4 primers (Gaitanis, G et al., 2002) [2] . We're synthesised by (QIAGEN, Germany).
PCR working solution
Optimisation of PCR was accomplished after several trials. Thus the following mixture was adopted amplification reactions were produced in the 25μl final volume containing 12.5 μl Go Taq® master mix (Promega, USA), 2μl of the primers and 2μl DNA template and complete the volume by 8.2 ul nucleasefree water
Programmable thermal controller
Program for amplifying the 5.8S rDNA and the it's 2 region, amplified from the type of ITS3 and ITS4 for Malassezia spp. For identification of Malassezia spp.,an initial denaturation step at 95°C for five minutes was followed by thirty cycles of denaturation at 95°C for thirty seconds, annealing at 55°C for thirty seconds , and extension at 72°C for thirty seconds, with a final extension step of 72°C for seven minutes [15] .
Agarose Gel Electrophoresis
After PCR amplification, agarose gel electrophoresis was adopted to confirm the presence of amplification. PCR was completely dependable on the extracted DNA criteria, according to the protocol stated by the kit manufacturer (Promega, U.S.A). Table  1 shows the morphological characteristics and physiological characteristics of Malassezia spp. Isolated from human samples. According to these features, the total number of Malassezia spp. Isolated from a human was 27/50, (54%), M. furfur isolated from 16/50, (32%); M. pachydermatis 4/50, (8%) and M. globosa were isolated from 7/50, (14%). These results were confirmed by PCR as shown in Figure 1 . As shown in Table 2 , the age group (15-22) years was more frequently exposed to Malassezia infection, followed by (23-30) year's age group. The age group (39-42) years was the minimally exposed to infection compared with other groups. M. furfur was the predominant species recovered from PV cases while M. pachydermatis was the least once. The isolation rate was drastically decreased while the age of patients approximates to forties. No significant difference was reported between age groups exposed to Malassezia spp. Infection. An inverse significant correlation was reported between age and exposure to Malassezia spp. Infection.
As shown in Table 3 , males were more frequently exposed to Malassezia infection, 20/50, (40%). M. furfur was the predominant species recovered from males with PV cases, 11/50, (22%) while M. globosa recovered from 5/50, (10%) and M. pachydermatis was the least once, isolated from 4/50, (8%). As shown in Table 4 , patient resident in urban area were more frequently exposed to malassezia infection, 17/50, (34%). M. furfur was the predominant species recovered from patients with PV cases, 11/50, (22%) while M. globosa recovered from 4/50, (8%) and M. pachydermatis was the least once, isolated from 2/50, (4%).
Neither significant difference nor correlation was reported between residency and exposure to malassezia spp. infection. Patients residency in rural area appear to be at risk of getting malassezia infection at (1.093) time than those in urban area. As shown in Table 5 , patient with good economic status were more frequently exposed to malassezia infection, 18/50, (36%). M. furfur was the predominant species recovered from patients with PV cases, 6/50, (12%) while M. globosa recovered from 4/50, (8%). Neither significant difference nor correlation was reported between economic status and exposure to Malassezia spp. Infection. Patients with middle economic status appear to be at risk of getting Malassezia infection at (0.42) time than those with good economic status. As shown in Table 6 , patients with Primary education were more frequently exposed to Malassezia infection, 11/50, (22%). M. furfur was the predominant species recovered from patients with PV cases, 8/50, (16%) while M. globosa recovered from 3/50, (6%). Illiterate patients were less frequently exposed to Malassezia infection, 2/50, (4%). M. pachydermatis was the predominant species recovered from patients with PV cases, 2/50, (4%). No significant differences were reported between education status and Malassezia spp. Significant correlation was reported between education level and exposure to Malassezia spp. Infection. As shown in Table 7 , Students were more frequently exposed to Malassezia infection, 10/50, (20%). M. furfur was the predominant species recovered from patients with PV cases, 8/50, (16%) while M. globosa and M. pachydermatis recovered from 1/50, (2%). Patients with the academic job were less frequently exposed to Malassezia infection, 2/50, (4%). M. pachydermatis and M. globosa were the predominant species recovered from patients with PV cases, 2/50, (4%). Neither significant difference nor correlations were reported between the type of job and Malassezia spp. Infection. As shown in Table 8 , patient utilizing filtrated water were more frequently exposed to Malassezia infection, 21/50, (42%). M. furfur was the predominant species recovered from patients with PV cases, 14/50, (28%) while M. globosa 4/50, (8%) and M. pachydermatis recovered from 3/50, (6%). patients utilizing river water were less frequently exposed to malassezia infection, mainly M. furfur, 1/50, (2%). Neither significant difference nor correlations were reported between source of water and Malassezia spp. infection. As shown in Table 9 , patients who do not have any type of contact with animals were more frequently exposed to malassezia infection, 15/50, (30%). M. furfur was the predominant species recovered from patients with PV cases, 10/50, (20%) while M. globosa 4/50, (8%) and M. pachydermatis recovered from 1/50, (2%). patients who have contact with dogs only were exposed equally to M. furfur 1 /50, (2 %) and M. pachydermatis recovered from 1/50, (2%) infection. Neither significant difference nor correlations were reported between contact with animals and Malassezia spp. infection. 
Discussion
Malassezia species are part of the resident skin flora of humans and other warm-blooded vertebrates that are discovered in 75-80 % of healthy subjects [16] . These yeasts are associated with a wide spectrum of clinical manifestations from benign skin conditions, such as pityriasis versicolor to fungemia in the immunocompromised host [17] . A molecular analysis-based nonculture method appears to be the most reliable and appropriate method by which to analyse Malassezia spp since the isolation media and procedures used does not influence such a method [18] . Therefore molecular methods have revolutionised the study of diseases caused by Malassezia species because the organisms are fastidious and difficult to identify. Therefore molecular methods overcome the limits of the conventional methods [19] .
The current study showed that M.furfur was isolated from (32%) which was more common than M. globosa which isolated from (14%) and M. pachydermatis which was isolated from (8%).
This study comes in line with that reported by Al-ammari et al., [20] , in Baghdad, with different clinical presentations including steroids acne, folliculitis, seborrheic dermatitis and atopic dermatitis. In another study, in Diyala province-Iraq; Al-Ezzy et al., [21] , found that Malassezia was isolated from (61.7%) of patients with PV specimens with similar age group distribution during 2017 in Baqubah teaching hospital. Current result comes by Shah in India [17] , who recovered Malassezia spp from (50.35%) of PV patients. Current result disagrees with Shah and Chaudhary et al. from India [17] , [22] , reported the recovery of M. globosa from the majority of PV cases and stated that M. globosa is more pathogenic than other Malassezia species as it has greater enzymatic activity, involving lipase and esterase production.
Current isolation rate come in contrary with that reported by Chaudhary et al. and Archana et al. from India [22] , [23] , who recorded that the isolation rate of Malassezia species in Indian patients with PV was (70% and 96.66%) respectively. Also, current result comes in contrary with that reported by Shokohi from Iran [8] , who recorded (88.4%) as isolation rate from PV cases.
The current study revealed that the age group (15) (16) (17) (18) (19) (20) (21) (22) years was frequently exposed to Malassezia infection, followed by (23-30) years age group.The age group (39-42) years was the minimally exposed to infection compared with other groups. This result come in accordance with that reported in India and Iraq by [17] , [23] , [24] , [25] , [26] , [27] , [28] . M. furfur was the predominant species recovered from PV cases while M. pachydermatis was the least once. The isolation rate was drastically decreased while the age of patients approximates to forties which come in line with Al-ammari from Iraq and Akaza from Japan [20] , [28] and disagree with Shah from India, [17] who stated that M. globosa was the predominant yeast recovered from PV cases. Also disagree with Archana from India, [23] stated that M. furfur represent the second cause of PV after M. sympodialis. An inverse significant correlation was reported between age and exposure to Malassezia spp. Infection, which agrees with Al-ammari from Iraq and Thayikkannu et al., from India [20] , [25] .
The current study revealed that males were more frequently exposed to malassezia infection, (40%) . M. furfur was the predominant species recovered from males with PV cases, (22%) which come in accordance with studies from Iraq and India [20] , [21] , [23] , [24] , [26] , [27] , [29] . While M. globosa recovered from, (10%) and M. pachydermatis was the least once, isolated from, (8%). Significant correlation was reported between gender and exposure to malassezia spp infection which come in accordance with Al-Ezzy from Iraq [21] . On the other hand, Hasan et al., [24] , stated that military personnel, athletes, and those doing hard works that usually associated with hyper sweating were more vulnerable to pityriasis versicolor infection. Furthermore, sebaceous glands secretion is increased in males 15 years and older compared to females, and that may also promote pityriasis versicolor infection in males.
Females appear to be at risk of getting malassezia infection at (2.619) time than males which come in accordance with Al-Ammari from Iraq [20] , stated that many factors play role in Malassezia pathogenicity such as increased sebum production , hormonal fluctuations, stress, illness, infrequent shampooing, food allergies, vitamin B deficiency, hair curlers and blow dryers, cold weather (winter), use of hair sprays, gels and hair coloring chemicals which more probably resented in females and hence they become more susceptible to Malassezia infections than males.
Current study revealed that patient resident in urban area were more frequently exposed to malassezia infection, (34%) which come in line with Devendrappa and Javed from India [26] . M. furfur was the predominant species, (22%) while M. globosa recovered from, (8%) and M. pachydermatis was the least once, isolated from, (4%). This result disagree with Hasan et al., from Iraq, [24] , who reported no significant correlation. On the other hand current study revealed that patients residency in rural area appear to be at risk of getting malassezia infection at (1.093) time than those in urban area. This result come in accordance with Sharma from India [30] , stated that geographical variations have been observed in the densities of different Malassezia species on the skin. Malassezia infections more commonly reported in the warm and humid tropical and subtropical climates which is more suited for its growth. The higher incidence in urban people was mainly due to the location of the hospital in the city. As the health facilities are also available in rural areas, the attendance of the patients from these areas to this hospital was reduced; probably this could be the reason for the low incidence from rural areas. Another factor could be that the rural population is not bothered about the cosmetic aspect of this disease.
The current study revealed that no correlation was reported between economic status and exposure to Malassezia spp. Infection. This may be attributed to factors other than economy play a vital role in infection such as psychological and immunological stress.
The current study revealed that patients with primary education as well as students were more frequently exposed to Malassezia infection. Illiterate patients and patients with an academic job were less frequently exposed to Malassezia infection, (4%). A significant correlation was reported between education level and exposure to Malassezia spp while Malassezia spp. Infection does not correlate with the type of job. This result may be attributed to the limited number of illiterate patients seeking medical consultations as well as investigations related to skin infections possibly due to they consider this is a type of luxury checkup. On the other hand, the limited number of patients with higher education reflects their knowledge about the complications of cutaneous infections as well as their attention to check any skin abnormalities such as hyperpigmentation or hypopigmentation or even scales. Type of patient's job may facilitate the flaring of infection indirectly by acting as a stress factor which acts with other genetic, hormonal, and environmental factors such as humidity and temperature to establishing a clinical presentation of PV.
The current study revealed those patients utilising filtrated water were more frequently exposed to Malassezia infection. M. furfur was the predominant species recovered from patients with PV. Patients utilizing river water were less frequently exposed to Malassezia infection, mainly M. furfur, (2%) although, no significant correlation was reported between the source of water and Malassezia spp. Infection. Current result comes in agreement with Babic et al., from Slovenia [31], who stated that fungi including genus Malassezia can form fungal biofilms within 48 h in tap systems in private homes, hospitals or industrial network was confirmed for opportunistic and pathogenic species from the genera Malassezia. Once established, biofilms are difficult to be fully removed from the pipe system, which on the longterm leads to altered taste and odour of water, production of allergenic or irritating compounds, and mycotoxins with an effect on human health [31] .
The current study revealed that patients who do not have any type of contact with animals were more frequently exposed to Malassezia infection and M. furfur was the predominant species which explain that the source of infection not restricted to birds or dogs. Patients who have contact with dogs only were equally exposed to M. furfur, and M. pachydermatis which reflect that dogs not only the source of infection but also other factors such as this may be attributed to several factors includes but not limited to, humidity and high temperature, hyperhidrosis, familial susceptibility, and immunosuppression [32] . A range of skin microenvironmental factors, such as the bacterial microbiota present, pH, salts, immune responses, cutaneous biochemistry, and physiology, may play a role in adherence and growth of Malassezia species, favouring distinct genotypes depending on the geographical area and/or the skin sites [33] . No significant correlation was reported between contact with animals and Malassezia sppinfection which comes in line with Al-Ezzy from Iraq [21] .
In conclusion, M. furfur, M. pachydermatis and M. globosa represent the most common Malassezia spp. causing PV. Using of PCR is very critical to confirm the diagnosis of Malassezia spp. Malassezia infection inversely correlated with age and positively correlated with females gender and education. The residency in a rural area and middle economic status increase the possibility of infection. Infection was not affected by the source of water; job and contact with dogs and birds.
